ABSTRACT
INTRODUCTION
The leaves of Moringa oleifera Lam. are eaten in African countries, such as Ghana, Ethiopia, Nigeria, East Africa and Malawi. Moringa tree is cultivated for foods and medicinal purposes (Olson, 2002) . Moringa leaf is a natural antihelmintic, antibiotic, detoxifer, outstanding immune builder used in some countries for the treatment of malnutrition and malaria (Thilza et al., 2010) . All parts of the Moringa tree are edible and have long been consumed by humans. According to Fugile (2000) , the many uses of Moringa include: alley cropping (biomass production), animal forage (leaves and treated seedcake), biogas (leaves), fertilizer (seed-cake), foliar nutrient (juice expressed from leave), green manure (from leaves), gum (from tree trunks), honey and sugar cane juice-clarifier (powdered seed), honey (flower nectar) and medicine (all plant parts). Moringa leaves are known to have a high content of protein, minerals and vitamin, hence an ideal nutritional supplement, (Fletcher, 1998) . Moringa leaves have been used to combat malnutrition, especially among infants and nursing mothers and hasten uterine contraction during child birth in pregnant women. It's antihypertensive, diuretic, antispasmodic, antiulcer, anti cancer and cholesterol lowering activities have been reported (Cáceres, 1992; Dangi et al., 2002; Fahey et al., increasing in helpful are pods and leaves 2004).The breast milk in nursing mothers during breastfeeding and leaf decoction has been found useful in the treatment of asthma, back pain and rheumatism. M. oleifera tree has in recent times been advocated as an outstanding indigenous source of highly digestible protein, carotenoids and vitamin C suitable for utilization in many of the so called developing regions of the world where undernourishment is a major concern (Fugile, 2001) . In some parts of the world for example Senegal and Haiti, health workers have been treating malnutrition in small children, pregnant and nursing women with Moringa leaf powder (Price, 1985) . Caceres et al. (1992) reported antiinflammatory activity from the hot water infusions of flowers, leaves, roots, seeds and stalks or bark of M. oleifera using carrageenan-induced hind paw edema in rats. The antioxidant activity of various extracts of M. oleifera leaf has been reported by several other authors (Bajpai et al., 2005; Sreelatha and Padma, 2009; Sultana et al., 2009; Singh et al., 2009) . However, much has not been reported on the antibacterial healing property of M. oleifera leaf. The present study therefore reported the antimicrobial activity of M. oleifera leaf on some enteropathogens and orthopaedics' wounds bacterial and fungal organisms as well as its nutritional potentials.
Plant extraction
One hundred grams of fresh leaves of M. oleifera Lam. were shade dried at room temperature (32 -35 °C) to constant weight over a period of 5 days. The dried leaves were ground into powdered using a mortar and pestle. 25 g of the powdered leaves were separately extracted in 500ml conical flasks with 100 ml of deionised distilled water (aqueous extraction), 60 %methanol (methanolic extraction), and 90% ethanol (ethanolic extraction).The conical flasks were plugged with rubber corks, then shaken at 120 rpm for 30 min and allowed to stand at room temperature for 5 days with occasional manual agitation of the flask using a sterile glass rod at every 24 hour. The extracts were separately filtered using sterile Whatman no. 1 filter paper. The resulting filtrates were then concentrated in a rotary evaporator and subsequently lyophilized to dryness.
Antimicrobial activity assay
Antimicrobial activity of the aqueous, ethanolic and methanolic extracts of the leaves was assayed using the paper disc diffusion method (Oluma et al., 1984 , Doughari et al., 2007 . The concentrated leaf extracts were dissolved in 5% dimethyl sulfoxide (DMSO) and sterile discs (6mm, Hi-media, india) were each impregnated with 30µl of 30mg/ml of each extract. The discs were carefully and firmly placed on the Muller Hinton Agar (MHA) plates earlier seeded with standardized bacterial suspensions (approximately 1.5 x 106 cfu/ml). Paper discs impregnated with 30 µl of a solution of 30 mg/ml of the following standard antibiotics; ciprofloxacin, amoxicillin, gentamicin and erythromycin were used as control for comparison. Filter paper discs dipped into sterile distilled water and allowed to dry were used as control. The plates were then incubated at 37 °C for 24 h. Antibacterial activity was determined by measurement of zone of inhibition around each paper disc.
Determination of Minimum Inhibitory Concentration (MIC)
The MIC of the aqueous and methanolic extracts of the leaves extracts was determined as described by Akinpelu and Kolawole (2004) . Two-fold serial dilutions of the plant extracts were prepared, from which 2mls aliquots was taken and added to 18ml of pre-sterilized molten nutrient agar at a temperature of 40 °C. The media were then poured into sterile Petri dishes and allowed to solidify. The surfaces of the media were allowed to dry before streaking with 18h old cultures of the test bacterium. The plates were later incubated in an incubator at 37 °C for up to 72 h after which they were examined for the presence or absence of growth. The MIC was taken as the lowest concentration that prevented bacterial growth.
Phytochemical, mineral and proximate anlaysis
Phytochemical analysis for qualitative detection of alkaloids, tannin, saponin, flavonoids and phenol was performed on the extracts as follows:
Determination of Saponins
The ability of saponins to produce frothing in aqueous solution was used as screening test for saponins. About 0.5 g of each plant extract was shaken with distilled water in a test tube, frothing which persisted on warming was taken as evidence for the presence of saponins (Sofowora, 1982) .
Determination of Tannins
Five grams of each portion of plant extract was stirred with 100 ml of distilled water, filtered and ferric chloride reagent added to the filtrate. A blue-black green precipitate indicated the presence of tannins (Trease and Evans, 1978) .
Determination of Flavoniods
Ten grams of the plant samples were extracted with 60 ml of 80 % aqueous methanol at room temperature. The whole solution was filtered through whatman filter paper. The filtrate was later transferred into a crucible and evaporated to dryness over a water bath and weighed (Edeoga et al., 2005) .
Test for alkaloids
A 0.5 g of extract was diluted with 10 ml of acid alcohol, boiled and filtered. Two milliliter of diluted ammonia was added to 5 ml of the filtrate. Five milliliter of chloroform was added and shaken gently to extract the alkaloidal base. The chloroform layer was extracted with 10 ml of acetic acid. This was divided into two portions. Meryer's reagent was added to one portion and Draggendorff's reagent to the other. The formation of a cream (with Meryer's reagent) or reddish brown precipitate (with Draggendorff's reagent) was taken as positive for the presence of alkaloid (Trease and Evans, 1983) .
Test for flavonoids
A 2 g of powdered sample was detanned with acetone. The sample was placed on a hot water bath for all traces of acetone to evaporate. Boiling distilled water was added to the detanned sample. The mixture was filtered while hot. The filtrate was cooled and 5ml of 20 % sodium hydroxide was added to equal volume of the filtrate. A yellow solution indicates the presence of flavonoids (Trease and Evans, 1989; Sofowora, 1983) .
Mineral analysis
Mineral content was determined by Association of Official Analytical Chemists methods (AOAC, 1990) using the flame system of the atomic absorption spectrophotometry (AAS), (Varian SpectrAA 220, USA). Moringa leaves were ashed at 550°C overnight and the ash was dissolved in concentrated nitric acid and filtered, diluted to 50 mL with deionized water and the absorbance of the samples was read directly on the AAS. Working standard solutions of calcium (Ca), potassium (K) and iron (Fe) were prepared from stock standard solution (1000 ppm), in 2 N HNO3 and absorbance was noted for standard solution of each element and samples using atomic absorption spectrophotometer (AAS). The calibration curves obtained for concentration vs. absorbance. Data were statistically analyzed using fitting of straight line by least square method. A blank reading was also taken and necessary corrections were made during the calculation of concentration of various elements.
Proximate analysis
Proximate analysis including the percentage of moisture content, crude protein, crude fat, ash contents and crude fibre in the sample were determined using The
Association of Official Analytical Chemists methods (AOAC, 1990).
Moisture content: The aluminium dish was placed inside drying oven for 105 °C for 2 h. After which the crucible was placed in the desiccators to allow cooling. The aluminium dish was weighed and 2 g of the powder was placed in the aluminium dish. The sample was dried in drying oven (Memmert 600, Germany) for 3 h at 105 °C and then weighed to determine the percentage of dry weight and the percentage of moisture content.
Ash:
The preparation for ash analysis was the same as that for moisture content. Two grams of sample was put into crucible, the weight recorded and placed in muffle oven (Furnace Nabertherm, Germany) at 550 °C for 8 h.
Fat:
The fat content was determined by directly extracting the sample with petroleum ether in an intermittent Soxhlet extractor (Soxhlet Extractor Gerhadt, Germany) for 4 h. The residue in round bottom flask after solvent removal represents the fat content of the sample.
Crude protein: The crude protein content of the samples was estimated by macro-Kjeldahl method, in which the sample was digested with a known quantity of acid. The digested material was distilled after the addition of alkali. The release ammonia was collected in 4 % boric acid. The resultant boric acid which now contained the ammonia released was then titrated against 0.1 N HCl. The percentages of nitrogen were converted to protein by multiplying by 6.25.
Crude fibres: Two grams of sample was put into 250 mL conical flask and 1.25 % Sulphuric acid solution was added. The sample was heated for about 30 min, filtered then washed until traces of acid could not be detected using pH paper. The Whatman paper 5B with 125 micrometer pore size was placed in the Buchner flask. The acid extracted was transferred into 250 mL conical flask and 1.25 % NaOH solution was added subsequently. The sample was heated again for 30 min, filtered using vacuum filter and washed with water until base was undetected. The whole material was transferred into crucible and dried for 12 h at 120 °C. After that the crucible was placed into muffle oven at 550 °C for 12 h and weight of crucible was recorded. (Jongrungruangchok et al., 2010) 
RESULTS
The antibacterial activity of the aqueous, methanolic and ethanolic extracts of M. oleifera leaves is presented in Table 1 . All the leaf extracts showed little inhibitory effect on the enteropathogens at extract concentration of 30 mg/ml with zone of growth inhibition of less than 1.5 mm. However, all the orthopaedics' wounds isolates except Streptococcus sp and P. mirabilis were sensitive to the aqueous extract of the leaves with zones of growth inhibition ranging from 12 to 15 mm, meanwhile The antifungal activity of the leaves extracts is presented in Table2. All the fungal organisms developed resistance to both the aqueous and methanolic extracts of the leaves, except A. Flavus which was sensitive to methanolic extract with zone of growth inhibition of 12 mm at extract concentration of 30mg/ml. However, the ethanolic extract inhibited the growth of some of the fungal organisms producing zone of growth inhibition of 22 mm against T. mentagrophyte, 20 mm on Pullarium sp and 15 mm each against A. flavus and Penicillium sp.
Minimum inhibitory concentration was 20 mg/ml on all the enteropathogens and ranged from 3.75 to 30 µg/ml on the orthopaedics' wounds organisms (Table 3 ).
The susceptibility of the bacterial isolates to the reference antibiotics is presented in Table 4 . Some of the enteropathogens and orthopaedics' wounds organisms developed resistance to either one or two of the reference antibiotics. Meanwhile some of the bacterial isolates were sensitive to the leaves extracts but resistant to the reference antibiotics. Similarly, the antimicrobial activity of the leaves extracts were comparable to the reference antifungal ketoconazole used (Table 2) .
Phytochemical screening and quantitative estimation of the percentage crude yields of chemical constituents revealed that alkaloids, tannin, flavonoids and phenol were less than 1 %, while saponin constituted 18.34 %. Meanwhile, steroid, terpenoids and cardiac glycosides were absent (Table 5) . 
DISCUSSION
The leaves extract demonstrated weak antibacterial activity on the enteropathogens as the growth inhibition zones were less than 1.5 mm. This indicates that M. oleifera leaf has little effect on these organisms at the concentration used. However, both the aqueous and methanolic extracts of the leaf showed appreciable antibacterial activity on the orthopaedics' wounds organisms, indicating its high antibacterial potential and effectiveness in the treatment of wound infections.In concordance with Rathi et al. (2006) who evaluated wound healing property from the aqueous extract of leaves of M. oleifera on male Swiss albino mice and reported significant increase in wound closure rate, skin breaking strength, granuloma breaking strength, hydroxyproline content, granuloma dry weight and decrease in scar area. Similarly, Hukkeri et al. (2006) investigated antipyretic and wound healing activity from the ethanolic and ethyl acetate extracts of M. oleifera leaves and reported that the ethanolic and ethyl acetate extracts of seeds showed significant antipyretic activity in rats, whereas ethyl acetate extract of dried leaves showed significant wound healing activity (10 % extracts in the form of ointment) on excision, incision and dead space (granuloma) wound models in rats. In the present study, the ethanolic extract of M. oleifera leaf showed significant antifungal activity particularly on A. (Dahot, 1998; Rahman et al., 2009; Bukar et al., 2010) . Ethanolic extract produced antifungal growth inhibition zone of 22 mm with T. mentagrophytes, thus agrees with Chuang et al. (2007) who reported in vitro antifungal activity from the ethanolic extracts of the leaves of M. oleifera against dermatophytes such as T. rubrum, T. mentagrophytes, E. Xoccosum, and M. canis. Similarly, Nwosu and Okafor (1995) reported antifungal activity of M. oleifera against seven pathogenic fungi of which the extracts were effective against T. rubrum and T. mentagraphytes. The study also concurs with Rahman et al. (2009) The finding of this study is however at variance with Doughari et al. (2007) who reported in their study on the antibacterial activity from the aqueous, acetone and ethanolic extracts of the leaves of M. oleifera that ethanolic extract of the plant demonstrated the highest activity, while the aqueous extract showed the least activity at 100 mg/ml. In this study ethanolic extract did not exhibit antimicrobial activity on the tested orthopaedics' wounds organisms but showed insignificant effect on the enteropathogens at the extract concentration of 30 mg/ml. The methanolic extract showed better and greater inhibitory property on both the enteropathogens and the orthopaedics' wounds organisms, than aqueous extract, thus making the solvent as the best medium for the extraction of the active components of the leaf. It has been reported that different solvents have different extraction capabilities and spectrum of solubility for the phytoconstituents (Majorie, 1999; Srinvasan et al. 2001) . Meanwhile It is clearly noted that aqueous extract of M. oleifera leaf posses significant antimicrobial activity against both Gram negative and Gram positive bacterial organisms from wounds, thus signalling its broad spectrum of antibacterial activity.
Moreover, aqueous extract inhibited almost all the test organisms, thus rendering water as well as a good solvent of extraction for the leaves, much so, that most people who use this leaf as a traditional mean of treatment of various skin ailments and other diseases make use of water-based extract of the leaf. The variations in the findings of this study compared to earlier studies reported may be due to climatic factor as it affects the plants, soil conditions of the geographical locations, solvents used etc. Previous studies (Alade and Irobi 1993; Iwu 2000) have demonstrated the antimicrobial activities of the constituent of some flowering plants. These studies however elucidate the major problem with this type of research, namely the lack of uniformity in the criteria selected to study the activity. This has in the past lead to relevant contradictions between the results obtained by different groups and even for the same. Authors study the same sample with different methods. To try to solve this problem, Rios et al. (1998) published a review of the experimental methods used for studying the activity of both plant extracts and essential oils to date. They proposed the use of diffusion methods for studying polar compounds of small or medium molecular size and for determining the antimicrobial spectrum because this method allows researchers to test different compound against one microorganism. The solid dilution method was recommended for studying polar and non-polar substances are well as all types of complex extracts. This method is especially good for determining the relative potency of extracts or essential oils and for establishing their antimicrobial spectrum as it facilitates the use of different strains against the extracts on the same plate. Finally, liquid dilution method is the best way to establish the real potency of a pure compound, but solubility is an obvious requisite. The leaves has been also reportedly found to contain quercetin-3-O-glucoside and quercetin-3-O-(6''-malonylglucoside), and lower amounts of kaempferol-3-Oglucoside and kaempferol-3-O-(6''-malonyl-glucoside), 3-caffeoylquinic acid and 5-caffeoylquinic acid (Bennett et al., 2003) . Siddhuraju and Becker (2003) together with benzoic acid 4-O-beta-glucoside, benzoic acid 4-O-alpharhamnosyl-(1 → 2)-beta-glucoside and benzaldehyde 4-O-beta-glucoside have been reported from the methanolic extract of M. oleifera leaf. Also obtained from the same extract were known compounds, kaempferol 3-O-alpharhamnoside, kaempferol, syringic acid, gallic acid, rutin and quercetin 3-O-beta-glucoside. Singh et al. (2009) reported presence of gallic acid, chlorogenic acid, ellagic acid, ferulic acid, kaempferol, quercetin and vanillin from the aqueous extracts of leaves, fruits and seeds of M.oliefera. Phytochemically, it is known as rich source of glycosides, phenols, sterols, flavanol glycosides present in M. oleifera might be medicinally important and/or nutritionally valuable (Mishra et al., 2011) .
Elemental and proximate analysis of the various crude nutrients present in the leaf revealed that the leaves contain an appreciable amount of nutrients and can be included in diets to supplement human's daily nutrient needs. Similar findings have been reported (Oduro et al., 2008 , Fuglie, 2001 ; Nutritional Value of Malunggay Pods/Leaves, 2006).
CONCLUSION
The leaf extracts showed an appreciable inhibitory activity against the orthopaedics' wounds bacterial isolates and certain fungal organisms tested which implies its effectiveness in infection therapy particularly those caused by the organisms under study, The phytochemical constituents can be investigated further to achieve lead molecules in the search of novel herbal drugs.
